The budget methods and the mixed layer model used to analyze the aircraft data from the First ISLSCP Field Experiment (FIFE) are outlined. The separation of the temporal and horizontal derivatives is discussed. Vector budgets for the mixed layer are presented on conserved variable diagrams. Theoretical solutions are given for the critical surface Bowen ratio, which produces no boundary layer moistening or equivalent potential temperature rise as a function of the Bowen ratio at the inversion. Improved measurement strategies are suggested.
where u, v and w are the three wind components in the x, y, and z directions, oriented in the conventional meteorological directions' to the east, north, and upward, respectively. Equation (2a) has a time rate of change term, mean advection terms, and eddy transports by the boundary layer turbulence. Overbars denote horizontal averaging, and primes denote deviations from the horizontal average. In the FIFE budget studies the horizontal divergence of the horizontal eddy fluxes were found to be small on the basis of estimates made using aircraft data, and they were therefore neglected. Equation ( 
Conserved Variables
The two conserved variables used for the budget analyses of the FIFE ABL were dry potential temperature, 0, and mixing ratio, q. Mean budgets for the mixed ABL were generated. The aircraft flight level data were used to generate mixed layer means [Betts et al., 1990] , whenever stack patterns were flown with several levels in the vertical (Figures 1 a and 1 b) . For the grid pattern flights [Betts et al., this issue] only a single level was flown at about 80 m above ground level (Figure l c) , and the mean data at this level (near the top of the surface superadiabatic layer) were taken as representative of a mixed layer mean. Betts et al. [1990] showed this to be a good assumption.
Vertical Flux Gradients
For the aircraft patterns with flight legs at several levels (Figures la and lb) , the last term in (2b), the vertical flux divergence, can be estimated directly. This gradient is a crucial one, since it is driving the time dependence of the ABL. It can be used to extrapolate the fluxes to the top of the ABL, where the turbulent mixing at the inversion is For the budget studies we needed to separate the time and space gradients.
The gradients along the flight track can be determined by averaging the trend lines for a set of legs, provided a sufficient number of legs were flown at one level. Although the time derivative can be significant for each leg (typically approximately 3 min in length), the legs were flown in pairs in opposite directions, so that the time derivative approximately cancels in the pattern average. For the grid flights we have a set of 16 legs which cover the whole FIFE area, but for the L and stack patterns the legs are fewer and they are only at edges of the FIFE area, so we must assume they are representative of the whole area. The L patterns gave an estimate of both x and y gradients and hence both advection terms, but Grossman The aircraft underestimate due to filtering and sampling seems now fairly well understood. In future experiments it seems advisable to archive unfiltered, detrended, and filtered data, when aircraft averages are to be compared with surface averages. In addition, longer flight legs are desirable to reduce the undersampling of the long wavelength contribution to the fluxes. Over land, however, inhomogeneities in space may set limits on pattern size, and the separation of time and space derivatives may require the assumption of linearity in time for the duration of a flight pattern.
Validity of Mixed Layer Models
The budgets are generally consistent with mixed boundary layer theory. Above the surface superadiabatic layer (depth less than 100 m) the experimental data show nearly well mixed layers with little vertical variation in the time rates of change or horizontal gradients, in agreement with the mixed layer model approximation. As a result, the grid flights at a single level give a useful depiction of time and space gradients for the mixed layer.
ABL Top Entrainment
The somewhat surprising result of great importance to FIFE is that the inversion level fluxes due to ABL top entrainment appear to be about double those used in many simple mixed layer closure models. Betts et al. [1990] estimated a mixed layer closure parameter AR --0.43 +_ [Stull, 1988] . Although some flight days had strong winds, when turbulence generated by surface shear might be expected to drive additional entrainment, others with high entrainment had light winds. The impact of this greater entrainment is threefold: the ABL grows more rapidly, warms more rapidly, and entrains dry air more rapidly. This has a big impact on the ABL moisture budget. When the surface moisture flux is large, as in the summer, it reduces the moistening of the ABL; and when the surface moisture flux is low, as in the fall, it produces a drying of the ABL during the day. Further studies of entrainment rates are needed, using continuous surface based lidar or sodar measurements of ABL height. One major improvement in measurement strategy would be to measure both inversion height and strength using a wind profiler radar, with an added radio acoustic sounding system (RASS) to provide the temperature profiles. It is clear that better methods of measuring either boundary layer growth or the vertical gradients of the needs a larger spatial distance than was typical of FIFE to achieve an accuracy comparable with the time derivative. The grid pattern gives better horizontal structure than the stack pattern (but no vertical structure). The repeated minigrid pattern has a clear advantage in separating the time and space derivatives using a single aircraft, because the pattern associated with advection is repeated. In general, it would be desirable to have two aircraft to study the diurnal cycle: one flying a fixed pattern in space, such as a crosswind racetrack from surface to inversion or a stack of at least three levels in the vertical, to measure the time and height dependence; and a second flying a low level grid pattern to resolve the horizontal spatial structure and the other space derivative. The problem with depending on two aircraft to get a complete data set is that all instruments on both planes must perform adequately. 1990], they must be corrected for the flux underestimates due to filtering and undersampling at long wavelengths. Mixed layer models can be used for the growth of the cloud-free ABL over the FIFE network with some confidence and with some awareness of the variability associated with horizontal advection and changes in the thermodynamic properties of the air entrained at the inversion. These studies also suggest, however, that ABL top entrainment may be underestimated significantly in many parametric models.
